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Abstract 
Email was originally designed as a tool for 
asynchronous communication. However, as the 
number of messages increased, so did their 
variety. A wide range of new and unforeseen 
email tasks reflects this variety. One of the most 
commonly performed activities in email is 
management of pending tasks. This research 
focuses on how to support this activity in email 
and explores solutions that use different external 
representations of messages and associated tasks. 
Central to this research is understanding the role 
of both external artifacts in managing multiple 
pending tasks, as well as internal representations 
and processes and how they can be linked to 
external representations. In a recent study we 
compared the effects of two email interfaces 
(Microsoft Outlook Inbox and TimeStore-
TaskView) on efficiency and effectiveness of 
information finding in email messages. We found 
that TimeStore-TaskView interface was overall 
faster for finding information related to task dates, 
time and task overviews, while the Inbox interface 
was faster for finding information from subject 
lines, senders or from the message body. Based on 
the results from the study, we are in the process of 
designing a modified email prototype and a 
follow-up user study. 
Keywords 
Email interface, task management, prospective 
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1. Introduction and Motivation 
We are witnessing a dramatic growth of email, 
both in terms of the number of mailboxes and in 
terms of the number of messages. At the end of 
2000 there were 891 million email accounts 
worldwide, 67% more than in 1999 [20]. In 1998 
an estimated 3 billion messages were sent every 
day in the USA. There is also an increasing variety 
of information types carried by emails. As a result 
people spend a lot of time in email programs, 
which became their primary electronic habitat [4]. 
A habitat used not only for asynchronous 
communication, but also for a range of new and 
unforeseen email tasks, such as scheduling, 
management of to-do’s, reminders and contacts 
[23]. Email is also used for documenting 
activities, and file transfer [4], [22].  
2. Related Work 
A number of email systems have focused on 
message categorization (e.g. [12], [14]). While 
email classification is important, there was often 
no clear sense what user task was being supported. 
Other systems have focused on supporting the 
“original” email task, that is on asynchronous 
communication, for example, by combining 
visualization of conversational threads with 
timelines [17] or by providing relevant context for 
reading and composing messages. There have 
been also innovations at the user interface, such as 
the placement of messages employing a pile 
metaphor to support tracking of tasks in email [1].  
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However, there are relatively few attempts to 
support a wider range of tasks in email. Two 
general approaches to such support are possible: 
1) make it easy for information to be transferred 
from email to other media, where the tasks are 
typically performed; 2) add support for the “new” 
tasks within email programs. We pursue the latter 
approach.  
2.1. Our Previous Studies 
To explore the problem, two preliminary field 
studies of email and personal information 
management tool use were conducted [7], [8]. We 
found that people often use email programs as a 
time and task management tool (confirming the 
previous studies by other researchers [22]). 
Inboxes are often used to keep those messages 
referring to the future that cannot be dealt with 
upon their arrival. In the second study  [8], 18 of 
the 19 participants used messages as reminders 
about email tasks, while 15 of the 19 used 
messages as reminders about non-email tasks and 
events. Currently, dealing with these messages in 
email requires users to periodically review the lists 
of messages. A few participants of the second 
study [8] consciously limited this review process 
to one screen-full of emails. This approach 
depended on their role in organization (for 
example, a manager knew, that if she misses an 
important email, the other party would remind 
again), and on the volume of email traffic. One 
participant employed this limitation strategy along 
with re-emailing to oneself strategy. He re-
emailed himself those messages that required a 
future action when they started to disappear from 
screen. A few other participants dealt with this 
situation by flagging selected messages. 
Microsoft Outlook, an example of a widely used 
commercial email client program, provides a 
number of features that support various aspects of 
managing pending tasks (e.g. a to-do list, a 
calendar, general email flags, specialized reminder 
flags along with a type of action required) as well 
as temporal information organization (e.g. 
journal). However, only a couple of Outlook users  
who participated in our study made use of some of 
those features. What is even more surprising, 
study conducted among Microsoft employees [3] 
found that, for the most part, they have not used 
these features as well.  
In our studies, we found that information from 
these messages is often not transferred out of 
email, presumably because of the high cost of 
doing so. This high cost is often due to the lack of 
integration of email with other software 
applications or media. Thus this research focuses 
on supporting the management of pending tasks in 
email. The term pending task is used here to 
denote any activity that is to be performed in the 
future, such as attending a meeting, visiting a 
friend, writing a paper, or replying to an email.  
3. Research Background 
How should information that refers to the future 
be presented in computing devices? How should 
the management of pending tasks in email 
programs be supported? Theories and models of 
prospective memory, which aim to explain 
processes involved in remembering to remember 
to do something in the future (e.g. encoding, 
monitoring, reminding), are particularly relevant. 
Other areas of study include external and 
distributed cognition, where the external 
environment is seen as playing an integral role in 
cognition and task execution, external 
representations of information, which can have a 
critical impact on how that information will be 
used in a task [6],  [25], and studies of temporal 
and spatial reasoning, which argue that people use 
spatially coded mental models in reasoning about 
temporal relations [21]. Specific user interfaces to 
future email should also provide suitable 
affordances and visualizations that utilize 
properties of visual perception.  
The role of external representations and their 
interaction with internal representations and 
processes is important to understanding how 
people manage multiple pending tasks. It has been 
argued that office desks are organized to remind 
about tasks [13]. Spatial arrangement is used to 
represent activities, their priorities, temporal 
dependencies and relationships among multiple 
tasks. Management of everyday activities relies 
heavily on such spatial placement and 
manipulation of physical objects [6]. The same 
user habits can be brought to bear on the 
management of pending tasks in email, and more 
generally, in the computer's desktop interface. The 
research question that we would like to answer is 
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what external representations of pending tasks 
provide the best support for their management. 
4. Design 
Time is inherent in the management of pending 
tasks. We outline the design space of alternative 
email user interfaces by describing the 
relationships between messages and time.  
4.1. Time in Email 
Email messages may contain multiple references 
to time. The two most common temporal 
references contained in messages are message 
arrival time and message reference time. The 
message arrival time is always in the past, while 
messages can refer to the past, the present, or the 
future. These two timelines are embedded, 
explicitly or implicitly,  in email messages.  
4.2. Email Interfaces 
The linear, tabular format of email folders has 
been designed to support one-touch model of 
dealing with email messages [22]. In this model, 
once a new message has been read, the email user 
is expected to execute an immediate action which 
can be a combination of one or more of the 
following: 1) respond to the message, 2) delete it, 
or 3) file it. Message processing should thereby be 
completed. The message may later be retrieved 
from the archive, but it is not active any more. 
This model of processing, however, does not work 
for messages that cannot be acted upon 
immediately after their arrival. The problem is 
clearly apparent in the case of messages 
containing some type of future reference (e.g. 
messages carrying pending tasks). These messages 
need to be kept around, and, typically, they remain 
in the inbox. Email users perform thus the fourth 
possible action: 4) leave message in inbox. The 
one-touch model breaks down when more and 
more messages are left in the inbox. The model 
supports past and present only, it does not support 
the future. Users are forced to repeatedly review 
messages left in their inboxes, they cope with this 
constraint by employing a variety of strategies, for 
example, by limiting the reviewing process to one 
screen full of messages.  
Such issues can be avoided by using the two 
timelines embedded in email messages to support 
their management. The message arrival timeline 
can be used to facilitate retrieval of messages by 
bringing human autobiographical memory to bear 
on retrieval of messages. The message temporal 
reference timeline can be used to support the 
management of messages referring to the future.  
TimeStore, a novel, time-based email interface 
proposed and developed by Baecker R. et al. [24], 
is an example of the first approach. Messages are 
automatically organized by time and by sender and 
displayed on a two-dimensional grid (Figure 1). 
The two-dimensional representation allows 
locating messages by using cues from 
autobiographical memory: when the message was 
received and by whom it was sent. 
Autobiographical memory is a memory for events 
which we have experienced. The authors of the 
project reported in [11] that users liked the 
visualization of their email and found it useful for 
retrieval of both old (inactive) and new (active) 
 
Figure 1. TimeStore interface [24] - one month view (auto-generated data). 
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messages. The use of message received time to 
organize email messages is similar to Outlook’s 
feature called Journal. However, in the Outlook’s 
Journal email messages are displayed on a 
horizontal linear timeline and there is no further 
organization of messages provided. 
The second type of timeline, the temporal 
reference of messages, is used to facilitate the 
management of pending tasks embedded in 
messages in TimeStore-TaskView. The 
TimeStore-TaskView interface is based on 
TimeStore and uses the same graphical 
representation (Figure 2). In TimeStore-TaskView, 
tasks embedded in messages are represented by 
small icons on a two-dimensional grid with 
temporal and other task information shown on the 
horizontal and vertical axis, respectively. Other 
task attributes include sender, subject, or 
keywords extracted from the message body (user 
selectable). Navigation back and forward in time 
is provided. Displayed time period can be between 
one day and one year. The message body can be 
viewed by double clicking on the corresponding 
task icon.  
The main focus of this research is on the 
presentation of pending task information. Hence, 
we do not deal with extraction of temporal task 
attributes from email messages. An initial 
assumption was made that this information had 
been extracted and that one message corresponds 
to one task. TimeStore-TaskView presents only 
active messages, that is messages with future 
references containing pending tasks.  The 
presentation is in future time, referencing pending 
tasks, while in TimeStore the presentation is in 
past time, arranged according to message arrival 
time. The main differences between external 
representations containing past or future 
references are shown in Table 1. 
 
Characteristic past future 
Temporal-
reference 
past future 
Time-frame yearsàtoday todayàmonths 
Typical 
number of 
items 
10s -
1,000,000s 
10s -100s 
Temporal-
perspective 
own – auto-
biographical 
own & others’ - 
not auto-
biographical 
Retrieval goal archive and 
current  
pending tasks, 
deadlines,  
delayed intentions 
Table 1. Main differences between external 
representations containing past or future 
references. 
5. User study 
A user study was conducted to examine the 
proposed visualization of pending tasks as 
implemented in the TimeStore-TaskView 
interface. A typical email inbox (Microsoft 
Outlook) served as a benchmark email interface 
(Figure 3). Messages used in the study contained 
pending tasks.  
In the Outlook Inbox those tasks contained in 
messages are presented as textual fields in a 
 
Figure 2. TaskView interface (based on TimeStore [24]). Shown is monthly view with pending tasks sorted 
by time. 
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tabular view of Inbox folder. In the TimeStore-
TaskView interface tasks contained in messages 
are represented on a two-dimensional grid. 
5.1. Hypotheses 
The overall expectation was that the temporal 
visualization used in TaskView would increase the 
effectiveness and efficiency of pending task 
information retrieval. It was also expected that 
users would prefer the TaskView interface. Five 
specific hypotheses were formulated: 
Efficiency Hypothesis.  Efficiency as measured by 
performance time to complete information 
retrieval tasks will be higher overall in TaskView 
than in the Inbox condition.  
Effectiveness Hypothesis. Effectiveness as 
measured by recall from memory and number of 
correctly performed IR tasks will be higher overall 
in TaskView than in the Inbox condition. 
Flexibility of Closure Hypothesis. Participants 
with low level of flexibility of closure (FC) will 
perform worse (in terms efficiency and 
effectiveness) in Inbox than in TaskView. FC 
measures how well people can find a pattern in a 
distracting background. We employed this 
cognitive measure as finding an email message 
requires locating the message representation 
(graphical or textual) among other email 
messages. High and low measures of flexibility of 
closure are similar to field independency and 
dependency, respectively [5]. 
Visual Memory Hypothesis. Participants with low 
visual memory (VM) will perform worse (in terms 
efficiency and effectiveness) in TaskView than in 
Inbox. VM is used by people to remember 
graphical information presented on screen.  
STM Hypothesis. Participants with high short-term 
memory (STM) will perform better in Inbox than 
in TaskView. STM plays a role of an input buffer 
and a set of memory registers used in human 
information processing. It mediates verbal and 
visual information incoming from our senses. This 
hypothesis derives from the role that STM plays as 
an input buffer and from the expectation that 
Inbox requires more information to be kept in the 
input buffer than TaskView. 
 
5.2. Method  
A mixed factorial design was used with user 
interface as an independent within subject factor 
(2 levels: Inbox and TaskView). There were two 
sessions. Each subject used a different interface in 
each session. The design was balanced with 
respect to the order of interface use. There were 
 
Figure 3. Outlook Inbox interface. In addition to the fields present in the standard Inbox view (various 
flags, From, Subject, and Received), shown are two fields (Follow Up By and Due By) that correspond to 
the temporal information presented graphically in the TaskView interface (Figure 2).  
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also a number of independent between subject 
factors which are described in section 5.6. 
5.3. Apparatus 
Two email programs were used in the experiment: 
Outlook and TaskView. The user interfaces for 
these programs, Inbox and TaskView respectively, 
were described in section 4. The programs were 
installed on a desktop PC in the experimenter’s 
office. Participants’ interaction was recorded 
using the Camtasia software for capturing activity 
on the computer screen. Email inboxes in both 
programs were populated with the same 44 
messages containing pending tasks. The messages 
were selected from a larger corpus of emails 
created from real-life messages sanitized by 
removing identifying information that would 
indicate who was speaking or being referred to in 
each message. A set of 49 questions about 
pending tasks contained in the messages was 
created. The questions were categorized into two 
main types: “C” and “D”. Type “C” questions 
refer  to message subject, sender, or content. Type 
“D” questions  refer to pending task date, time or 
task overview (e.g. number of tasks in a specified 
period of time). In the remainder of the paper, 
finding answers to questions of type “C” or “D” is 
referred to as task “C” or task “D” respectively.  
5.4. Participants 
21 subjects participated in the experiment. 18 
participants were graduate students from the 
University of Toronto (7 Master students and 11 
PhD students) and 3 participants were full-time 
employees from outside companies or government 
agencies. There were 7 females and 14 males. 
Participants were screened for at least moderate 
use of email and for the use of email to receive 
task information. On the average, participants used 
email for 6 years. Participants were paid $30 for 
their time ($10 per hour). 
5.5. Procedure 
The study consisted of four on-line questionnaires 
and two sessions conducted in the experimenter’s 
office. The sessions were spread at least 2 days 
apart (2 to 7 days). Participants used a different 
email interface in each session.  
Before coming to the first session, participants 
filled out an on-line survey containing 
demographic and email-habit questions. Each 
session consisted of study protocol explanation, 
user interface training, and the main task. The 
main task was to find information about pending 
tasks in email messages. Information finding was 
driven by multiple-choice questions displayed on 
screen. 21 questions were drawn randomly from a 
larger set of 49 questions. After the main task was 
completed, a couple of cognitive tests were 
administered (different tests were administered in 
each session. All tests that were used are listed in 
section 5.6). In the “TaskView” session, after 
using the new interface, participants filled out a 
subjective preference questionnaire. At the end of 
each session, participants were asked to freely 
recall information about pending tasks which they 
had looked up in email messages earlier in the 
session. After each of the sessions participants 
filled out an on-line questionnaire containing the 
same set of questions as they answered during the 
session (order of questions was randomized). 
Additionally, after the first session, participants 
filled out a 44-item Big Five personality trait 
questionnaire [2]. 
5.6. Measures 
Apart from the within-subject factor, there were a 
number of independent between subject factors:  
1. scores on four tests of cognitive abilities: 
flexibility of closure (CF2), visual memory 
for shapes (MV1), building map memory 
(MV2), and short-term memory (measured by 
auditory digit span test) [5]. Flexibility of 
closure is closely related to field 
independence / dependence [5]. 
2. personality traits measured by 44-item Big 
Five Inventory [2]. 
3. self-reported email habits, focusing on 
handling of pending tasks in email.  
Dependent measures included:  
1. efficiency, measured by the time participants 
taken to answer questions 
2. effectiveness, measured by the number of: 
a. correct answers during the task, 
b. correct answers one day after the session,  
c. items freely recalled immediately after 
the task 
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5.7. Results 
Paired t-tests assessed whether or not there was a 
difference in performance between the two user 
interface conditions: TaskView and Inbox. No 
differences were found with respect to 
effectiveness measured by the number of correct 
answers during and after the sessions, nor for free 
recall from memory. There was also no difference 
for the total performance time. However, there 
was a significant difference between the two 
interfaces in performance time for task “C” (t20= –
3.192, p=0.005) and for task “D” (t20=2.246, 
p=0.036). As can be seen from Figure 4, for task 
“C” participants were faster in Inbox (median 
performance time t=34 sec.) than in TaskView 
(t=47 sec.), while for task “D” (Figure 5) 
participants were faster in TaskView (t=22.5 sec.) 
than in Inbox (t=29 sec.). 
Avg time for task "C" per UI
TaskView UIInbox UI
A
vg
 ti
m
e 
pe
r 
ta
sk
 "
C
" 
 [s
ec
]
100
80
60
40
20
0
 
Figure 4. Average time for task "C" for two UIs. 
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Figure 5. Average time for task "D" for two UIs. 
Next multivariate analyses of variance 
(MANOVA) with repeated measures were 
conducted. Using the two performance time 
variables (for task “C” and “D”), there was a 
borderline significant interaction between 
interface design and the level of combined visual 
memory score1 (F2,18=2.585, p=0.103, ?2=0.2232). 
This was due to the interaction having a borderline 
significant effect on the task “C” time 
(F1,19=3.425, p=0.080 ?2=0.153).  
The corresponding data chart is shown in Figure 6, 
where it can be seen that high visual memory 
people tend to be less affected by the interface 
condition than low visual memory people, who 
tend to be slower. 
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Figure 6. Interaction between UI (for task “C”) 
and combined visual memory score. 
There was a corresponding main effect for task 
“D” time. Tasks “D” times were significantly 
slower (F1,19=5.062, p=0.036 ?2=0.210; median 
29 seconds for the Inbox compared to a median 
22.5 seconds for TaskView) when using the Inbox 
interface. 
Similar analysis was performed for flexibility of 
closure. Although no significant interaction effect 
between interface design and the level of 
flexibility of closure (field independence) was 
found (F2,18=2.167, p=0.143, ?2=0.194), the 
magnitude of ?2 indicates a large effect size. For 
the corresponding univariate test the interaction 
effect on task “D” was significant at the level of 
p=0.05 (F2,18=4.515, p=0.047 ?2=0.192). As can 
                                                          
1 combined visual memory (MVCOM) was calculated as : 
 MVCOM = (MV1 + MV2) / 2 
2 ?2 refers to the partial ETA squared reported by SPSS. ?2 
measures the proportion of variance (PV) that estimates the 
size of an effect [[15]]. 
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be seen from Figure 7 there is a tendency for low 
flexibility of closure subjects to perform 
disproportionately slower in the Inbox interface 
than in the TaskView interface (approximately 9 
seconds slower), while subjects high on flexibility 
of closure perform about the same in both 
interfaces (with a difference of less than a 
second). 
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Figure 7. Interaction between UI (for task “D”) 
and flexibility of closure. 
There was a corresponding main effect for task 
“C” time. Tasks “C” times were significantly 
faster  (F1,19=9.659, p=0.006 ?2=0.337; median 34 
seconds for the Inbox compared to a median 47 
seconds for TaskView) when using the Inbox 
interface.  
No significant interaction effects were found for 
short-term memory. Also, all participants 
indicated their subjective preference for the 
TaskView interface for managing pending tasks. 
6. Discussion and Design 
Implications 
The TaskView interface performed better in type 
“D” of information retrieval from messages 
related to pending tasks. At the same time, the 
study showed the limitations of the current version 
of TaskView. The benefits on performance time 
were observed for task “D”, while the 
performance for task “C” was worse in TaskView 
than in Inbox. The Efficiency Hypothesis was thus 
confirmed only for task “D”. This suggests that the 
next iteration of the TaskView interface should be 
redesigned to achieve at least the level of Inbox’ 
efficiency for task “C”, if not to improve it. One 
possible simple modification would be to display 
sender and subject together in the left-hand 
column in TaskView. This would avoid having to 
switch between displaying sender versus subject 
information.  
The study also showed the role of individual 
differences in interacting with external 
representations which mediate the management of 
pending tasks. Tabular, textual inbox and two-
dimensional graphical layout of tasks with 
additional textual information (i.e. list of senders, 
subjects or keywords) in TaskView put different 
demands on different people. Users with low 
visual memory tended (for task "C") to perform 
worse in TaskView (confirming the Visual 
Memory Hypothesis). Users with low flexibility of 
closure tended (for task “D”) to perform slower in 
Inbox (confirming the Flexibility Of Closure 
Hypothesis). Embedding messages in the inbox 
among other messages may require more 
discrimination, which creates a disadvantage for 
this population group. These results suggests that 
it is important to consider alternative interfaces for 
different population groups and for different tasks. 
The Short-term memory Hypothesis was not 
confirmed.  
Employed measures of effectiveness were based 
on the number of correct answers and on recall 
from memory. Performance time and the number 
of correct answers given by study subjects are not 
independent; more correct answers can be found at 
the cost of time taken to locate information 
required to answer questions. Participants took as 
much time as they needed to answers correctly 
questions (79% to 100%, with two outliers at 74% 
and 63%), therefore we observed a lot of variation 
in performance times and very little variation and 
no significant effects in the number of correct 
answers. Lack of observed effects of the two 
interfaces on recall from memory can be explained 
by noticing a number of potentially confounding 
factors. In analyzing items written down by the 
study subjects in the process of free memory 
recall, we saw that these items were often 
influenced by multiple choice questions and 
sometimes used similar wording. The questions 
were asked in the same way in both interface 
conditions, and, thus, they influenced the process 
of encoding pending task information by 
participants in their memory. Hence, we cannot 
answer whether there is no effect or only a small 
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effect of user interface on remembering. The 
Effectiveness hypothesis remains unconfirmed. 
7. Conclusions and Future Work 
The study demonstrated the value of the TaskView 
interface and the benefit of task visualization on 
efficiency of finding information in messages 
related to pending tasks. It revealed the trade-off 
between two different types of information 
retrieval tasks: task “C” and task “D”. The 
TimeStore-TaskView interface benefited the task 
“D” performance, while it adversely effected the 
task “C” performance. The benefits depended on 
the type of the person (cognitive ability). 
Spatial memory has been shown to be effective in 
the management of documents in desktop 
environments [16]. We suggest that it can also be 
used effectively to manage email messages 
containing pending tasks. By using location-based 
organization of messages users avoid the 
expensive process of creating, naming and 
managing folders. We are designing and 
implementing a prototype email UI,  where users 
will be able to create their own visual organization 
of messages on a 2D plane. The interface is based 
on zoomable user interface (ZUI). An early sketch 
of the prototype is shown in Figure 8.  
 
 
Figure 8. Email Land – new prototype email 
interface. 
8. Summary  
This research has shown the resilience of people 
with different high cognitive abilities to different 
interfaces. These users remained relatively 
unaffected by an interface, while people with low 
cognitive abilities performed significantly 
different in the two interface conditions. This 
phenomenon may be similar to novice – expert 
effects, where novices perform better using an 
interface, while experts perform equally well on 
different interfaces. For example, it has been 
found [19] that expert searchers performed equally 
well using a conventional (Boolean) query 
interface and a dynamic hypertext interface, while 
novice searchers were worse on the conventional 
interface but close to expert performance on the 
dynamic hypertext interface.  
Email messages containing future references are 
handled poorly in current email systems. This 
research examines how external representations of 
task information at the user interface can improve 
management and awareness of pending tasks that 
are encoded within email messages. The physical 
environment, in which people perform everyday 
activities, is highly spatial and flexible. We expect 
that bringing some of these characteristic into the 
email environment will better support a variety of 
tasks performed in email. Based on the results 
from the study, we are designing a modified email 
prototype and a follow-up user study. 
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